► This study provides a reliable method for ascertaining 30-day and lifetime marijuana use. ► The sample for this study was restricted to older male Veterans with coronary artery disease and may not be generalisable to other populations. ► Measures of marijuana use in forms other than smoking were not frequent enough in this sample to assess reliability.
AbStrACt
Objective To develop a tool to assess current (past 30 days) and lifetime marijuana use in older Veterans.
Setting US Veteran's Affairs Healthcare System. Participants 704 older Veterans were screened, 339 completed the initial survey, 100 completed the follow-up. Primary outcome measure Pearson's correlation coefficient to assess strength of association between initial and follow-up survey on measures of current and lifetime marijuana use.
results Both a 'gram-month' measure of marijuana smoked in the past 30 days (r=0.83) and a frequencybased measure assessing total number of times smoked in the past 30 days were reliable (r=0.89). Both a simple categorical measure of lifetime use (agreement=85%) and a continuous measure of lifetime use (r=0.82) were reliable.
Conclusions The Cannabis Assessment Tool offers a reliable assessment of past 30 days and lifetime assessments of smoking cannabis in older adults.
IntrOduCtIOn
Thirty-three states and the District of Columbia have legalised marijuana for medical use while 10 states and the District of Columbia have legalised recreational use. 1 This has been accompanied by an increase in daily use and cannabis dependence among US adults. 2 The prevalence of past year marijuana use reached 14.6% in 2017 and has increased in all age groups including older adults. 3 Given the increase in use, marijuana assessment tools are needed both to assess and quantify exposure both for research and clinical practice. 4 The National Academy of Sciences has recently called for the development of robust standardised tools to quantify marijuana use. 5 Standardised tools are necessary to understand the biological effects of marijuana use. A significant emphasis of prior work has been in the area of assessing frequency of use among patients with cannabis use disorders. 6 7 In addition, prior work has focused on use patterns among adolescents. These tools focus on the number of times marijuana was used over a relatively short time period, and therefore, are not useful for assessing lifetime use in older adults. 8 Tools that focus solely on number of times used over a lifetime may inadequately distinguish between heavy versus light use. There currently are no tools available that retrospectively quantify lifetime use of older adults. As marijuana use becomes more common, tools to quantify past use will become necessary to identify older adults that are at higher risk of adverse cardiovascular or respiratory outcomes related to smoking marijuana.
In addition, previous studies that have quantified marijuana use have included measures of smoking frequency, such as 'jointyears' 9 10 but fail to account for other increasingly popular methods of smoking marijuana (eg, pipes, bongs, blunts, spliffs) and other forms of marijuana use. 5 Tools that account for all modalities of smoking and other forms of use are necessary to ensure accurate assessments of use.
To address these gaps in the literature, we developed and tested an assessment tool that quantifies current (defined as use in the past 30 days) and lifetime marijuana use in older Veterans.
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MethOdS development phase
Drafting of exposure assessment questions We identified questions previously used to assess marijuana from federally funded, annual national surveys, including the National Survey on Drug Use and Health, 11 Monitoring the Future, 8 the Coronary Artery Risk Development in Young Adults (CARDIA), 12 other cohorts, 9 13 and through a review of the literature. [14] [15] [16] [17] [18] We drafted preliminary questions based on this review.
We interviewed a total of eight professional experts from various fields, including substance use and mental health experts, marijuana dispensary staff located in San Francisco, and marijuana distributors and other industry professionals, to determine how marijuana use is defined. We shared our draft questions and revised them based on feedback from these individuals. Our tool focused on gathering granular information for all commercially available forms of marijuana (smoked, vaped, edibles, concentrates and topicals). For each form, we developed preliminary questions about length of use, frequency of use and number of daily sessions of use.
Cognitive interviews with users
We conducted cognitive interviews with a convenience panel of 13 current marijuana users identified from the clinic panels of the study investigators (SK, BC) to test the acceptability of the questions and determine if they accurately captured current and lifetime use. Content discussed in these interviews included appropriate language to describe modality of use and how to frame questions about frequency and amount of use.
We found individuals were smoking marijuana via several different modes of consumption (eg, joint, pipe, or bong) and quantity consumed was variable between each mode. Users could estimate the total grams of marijuana they had consumed in the past 30 days, as this is the form in which many users buy marijuana (eg, an eighth of an ounce, a quarter of an ounce, half an ounce), suggesting a metric based on weight could aggregate bud used in different forms of smoking. Frequency of use was another common way to describe quantity of use in past 30 days; however, questions aimed at estimating total frequency of use in the past 30 days were somewhat challenging for non-daily users. Answer choices based on frequency of use in the past week as opposed to in the past month were easier for non-daily users to answer. We also noted that if we did not ask about all forms of marijuana use (joints, pipes, bongs, spliffs, blunts), we may underestimate use and opted to query frequency of use of each form of smoking individually.
We also queried users about ways to quantify lifetime use. Through these interviews it became clear that most marijuana users have many periods of initiating and stopping use in their lives, which makes quantifying lifetime marijuana use more challenging compared with tobacco use. Based on these interviews, we drafted several measures of cumulative lifetime use. The first (known as the 'Narrative' measure) aimed to gather comprehensive detail on distinct periods of marijuana use and periods of non-use over an individual's lifetime (online supplementary appendix questionnaire 1). Participants were asked about frequency and duration of use during each period. We also drafted two simpler lifetime use measures to assess duration of use: (1) 'over the entire period you smoked marijuana, how many years did you smoke marijuana on a daily or near daily basis?' and a categorical measure of lifetime use: (2) 'which category best describes the total number of times you've smoked marijuana over your lifetime? (0-50, 51-500, 501-1000, more than 1000).
We iteratively refined questions based on these interviews. Survey questions were edited to reflect language at an eighth-grade level using online software. 19 All interviews were administered over the phone and consent was obtained verbally at the beginning of each interview.
Pilot testing of questions used to assess marijuana use
We pilot tested the questions in a national sample of 105 Veterans with evidence of marijuana use in their chart. All participants contacted were asked the same current use questions, but each Veteran received different forms of the lifetime use measure. Those who had endorsed using marijuana within the last year or more than 50 times in their lifetime completed the follow-up survey within an average of 9 days after the initial survey. Each measure was pilot tested in at least 18 Veterans.
During pilot testing the questions were iteratively improved. Measures of frequency of use in past 30 days were easy for patients to understand. We found offering standardised weight options in the gram-month question improved patient's ability to reliably answer questions between the initial and follow-up survey. The questions for the 'narrative use' were inconsistent between each individual's initial and follow-up testing and were abandoned in pilot testing. In addition, the number of distinct periods of use among participants ranged from 1 to 9 making this approach to marijuana use assessment impractical in research and in clinical practice. The simple lifetime use measure assessing lifetime years of daily or near daily use and the categorical lifetime use questions were easy for patients to answer and were retained for further testing. We were unable to adequately pilot test questions assessing forms of marijuana use other than smoking (eg, vaped, edibles, concentrates, topicals) because of the limited number of older Veterans that had used these forms of marijuana.
testing phase
The Cannabis Assessment Tool (CAT-1) (online supplementary appendix questionnaire 2) was developed for an ongoing prospective cohort study (NHLBI R01HL130484-01A1) focused on examining whether smoking marijuana is associated with cardiovascular events among a high-risk cohort (older Veterans with coronary artery disease). The age of the cohort was restricted to reduce the age-related variability in mortality. We identified 1 085 094 Veterans in the Veteran's Health Administration (VA), in May 2017, who had a diagnosis of coronary artery disease (CAD) using International Classification of Diseases-10 codes. We limited the sample to those who had at least two visits in the prior 2 years (n=586 867) to ensure adequate baseline data available in VA data bases. We limited the sample to Veterans between the ages of 65 and 70 to facilitate extraction of data on baseline characteristics from VA servers leaving 140 390 Veterans. We excluded Veterans unlikely to be able to provide interviews including those with dementia, those enrolled in hospice or palliative care, those receiving inpatient cancer chemotherapy and those who resided in a nursing home. We excluded Veterans who had died leaving 127 337 individuals in the sample. Finally, we further limited the sample to those born between 1948 and 1951 (between the ages of 66 and 68) as this was the target age of our prospective cohort study. The final sample eligible for possible interview included 54 935 Veterans. We divided the final sample into two groups: those with terms (marijuana, cannabis) related to marijuana use in their progress notes and those without terms related to marijuana use using a previously developed text processing method. 20 The text processing algorithm used to search notes is a blunt tool that increases the probability of identifying current or former marijuana users and supports cohort development.
We randomly selected Veterans with a marijuana term in their chart from the previously described sample with the goal of completing at least 100 follow-up surveys with current smokers. We required a total of 704 Veterans to reach recruitment targets (figure 1). We excluded a total of 85 individuals based on chart review using the exclusion criteria previously described and sent a total of 619 recruitment letters. We were unable to contact 165 Veterans and 115 were excluded because they either declined to participate (n=98) or met an exclusion criterion that was not identified in their medical record (eg, hearing impaired, recently diagnosed with cancer, etc. (n=17). We conducted a follow-up survey among the participants that reported smoking marijuana in the past 30 days. Two interviewers conducted the initial surveys (CD, SRY). Each follow-up survey was conducted by a different interviewer. Consent was obtained verbally at the start of each interview.
Statistical analysis
All responses (categorical, gram, ounce) for the grammonth question were converted into grams and were treated as a continuous measure. Total frequency of use in the past month were calculated by summing the number of times marijuana was smoked in any form each day. The reliability of each measure was assessed using Pearson's correlation coefficient for continuous data and simple agreement for categorical data. Reliability was reported for all measures that had complete data for more than ten participants in the initial survey and the follow-up. We used R statistical software V.3.5.3 for the analyses. 
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Patient and public involvement
No members of the public were involved in the design, or conduct, or reporting, or dissemination of the research.
reSultS
Sample characteristics
The response rate for the initial survey was 55% (n=339) ( Concordance of text processing algorithm with reported use A majority (84.7%, n=287) of the cohort reported marijuana use in their lifetime. Comparison of charts to patient interviews revealed that 40 (11.8%) respondents had a false positive term in their medical record (eg, 'no marijuana use') and 11 (3.2%) respondents had terms in their chart suggestive of use in the prior year but who denied use in the interview.
Forms of marijuana use in the cohort
A third of the cohort endorsed smoking marijuana in the past 30 days (n=113, 33.3%) and were eligible for the follow-up survey. Among the 113 Veterans, 68.1% (n=77) endorsed using only one form of smoking, 25.7% (n=29) endorsed two forms of smoking and 6.2% (n=7) endorsed three or more forms of smoking in the past 30 days (table 2) . Among the participants that smoked in the past 30 days, 59 (52.2%) smoked daily. Among the 59 participants that smoked daily in the past 30 days, 11 (18.6%) participants smoked once a day, 14 (23.7%) smoked two times per day and 34 (57.6%) smoked three or more times per day (table 2) .
Among current marijuana smokers, 16 .8% (n=19) endorsed current edible use, 8.8% (n=10) endorsed Open access current vaping, 7.1% (n=8) endorsed current topical use and 3.5% (n=4) endorsed current dabbing (also known as concentrate use) (table 2) . Over a third of current marijuana smokers (n=39, 34.5%) were also current tobacco smokers while over half (n=66, 58.4%) were former tobacco smokers (table 1). The average length of time between completion of the initial survey and the follow-up survey was 3 days (range: 1-25 days). The response rate for the follow-up survey was 88.6% (n=100) ( figure 1) .
Measure reliability Current use
The weight-based measure (gram-month) was a reliable measure of current marijuana use (r=0.83) (table 3) . Five individuals provided an alternate method of measurement (eg, tablespoon or teaspoon), which were converted to a weight-based metric (see online supplementary appendix table 1). Two individuals either did not know their answer or refused to answer this method of measurement. An aggregate measure of both frequency of use over the past 30 days and of total quantity of joints, pipes and bongs over the past 30 days were also reliable (r=0.78 and r=0.89, respectively) (table 3) .
Agreement for all other current use questions, which gathered more specific information about each type of smoked marijuana (eg, joint, pipe, bong) ranged from moderate to very high (r=0.63 to r=0.92) (table 3) .
Lifetime use
We found that individuals were reliably able to estimate the total number of times they had used marijuana over their lifetime (agreement=85.0%) and the number of years they had smoked on a daily or near daily basis (r=0.82) (table 4) .
Other forms of current marijuana use
We also asked questions assessing current and lifetime use of forms of marijuana other than smoking. We were unable to pilot test these questions given the low overall prevalence of use in this older population. Preliminary results indicate screener questions assessing whether someone had ever used a specific form or had used a specific form in the past 30 days were reliable although the sample size was small (online supplementary appendix table 2).
dISCuSSIOn
We found the 'gram-month' measure and a frequency measure of smoking marijuana in the past 30 days were both reliable means of collecting current marijuana use across different modes of consumption. We also found simple measures of lifetime use were reliable.
The marijuana industry has changed dramatically, and methods used to assess marijuana use in prior cohort studies are no longer adequate. For example, the CARDIA study, which began in 1985 and examined 5115 US adults ages 18-30, 12 and the Dunedin Multidisciplinary Health and Development Study, 9 13 which began in 1972 and is still ongoing in its examination of 1037 New Zealanders beginning at birth, assess marijuana exposure by assuming that one joint or pipe a day for every day in a year is equivalent to one 'joint year' and ask only about smoked marijuana. 9 13 These measures fail to differentiate users who smoke marijuana more than once a day or use marijuana in forms other than smoking. About 81.4% of daily marijuana users in our sample smoked marijuana more than once daily. Current assessments of marijuana use must account for marijuana being smoked in forms other than joints, multiple times per day, and in forms other than smoking.
The CAT-1 developed in this study expands on previously established questions by asking not only about frequency of joint smoking, but also the frequency and duration of all other forms in which marijuana is smoked. Even after assessing frequency and duration of all forms of marijuana, it is still difficult to assess the total amount of marijuana an individual has consumed over a given period as the amount of marijuana per product varies. We attempted to address this issue in the CAT-1 by asking directly about the total amount of marijuana an individual has used in the past month, regardless of the form in which the marijuana was smoked. This approach may provide an aggregate estimate of individual use but also has limitations. Five respondents chose to answer the gram-month measure using another weight-based measure while two respondents could not answer in any variation (one respondent endorsed 'don't know' and one respondent refused the question). While the grammonth measure is reliable it is limited by the fact that some individuals could not use the response options offered and had to report use using alternative weight measures. A measure of current use-based frequency of different forms used may be the most relatable measure for individuals to report their use and the easiest one for researchers to use for assessments of exposure. Future work can externally validate the measures by examining if one current use measure is more strongly associated with adverse health outcomes. In addition, future work should also focus on simplifying current use measures, as measures that query patients about all forms of use may be more accurate but may be too long to incorporate into clinical practice.
We also developed reliable lifetime use measures that could be used both in research and in clinical practice. There are no retrospective measures of marijuana use that can be used as assessment tools in clinical practice to identify patients that might be at higher risk of adverse health outcomes. The lifetime-use measures tested in this study lay the foundation for such a tool. Future work focused on validation of these tools can focus on examining whether these lifetime assessment tools can differentiate respiratory and cardiovascular health outcomes among users with a shorter duration of lifetime use compared with longer duration of use. Our study has several limitations. While the sample was national and participants were relatively equally distributed among states with differing status of marijuana legalisation (non-legal, medically legal, recreationally legal), generalisability was limited as the sample mainly consisted of older male veterans with CAD born between 1948 and 1951. The CAT-1 should be tested in a more representative population. While smoking was common among this older population, use of other forms was not common enough to support reliability testing. Tool development to assess other forms of marijuana use among a population with more frequent use is necessary. We did not measure the amount of cannabis used with each form of use. Therefore, our gram-month measure may not accurately capture the total amount used. However, it is unlikely that participants could recall how much cannabis was used each day with each form over the entire month. An overall estimate may be the easiest way to assess overall quantity used.
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Furthermore, the second survey was administered within 3 days of the initial survey. This was necessary because of the development of 'current use' measures and current use may change with longer intervals. Additionally, as there was no learning or cognitive assessment involved in the exposure tool the risk of recall bias was diminished. However, a longer interval may be desirable for reliability testing of a lifetime use measure. Finally, our tool does not capture potency. In the development phase of the proposal, we found most Veterans did not know the potency of the cannabis they used. As cannabis products become more standardised, assessing potency may become more feasible.
COnCluSIOnS
The CAT-1 created and tested in this study provides a reliable assessment of current and lifetime use of smoked marijuana. Development of tools to assess other forms of marijuana use is necessary.
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